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Abstract
The observed value of the cosmological constant poses large theoretical prob-
lems. We find that topology of the Universe provides a natural source for it.
Restricting dynamically an Einstein-Cartan gravity to General Relativity in our
observed Universe allows topological invariants to induce an effective cosmolog-
ical constant from dynamical quintessence-like topological fields. Its evaluation
through the boundary of black holes yields a range compatible with the observed
value, with uncertainty of three orders of magnitude. In turns, it provides a
measurement of the Universe’s isoperimetric constant. As in other dark energy
studies, quantum vacuum energy corrections are left for quantum gravity studies
to explain away.
1. Introduction
The cosmological constant has reappeared at the turn of the century in
the toolbox of cosmology with the discovery of fainter than expected distant
type Ia supernovae [1, 2, 3] interpreted as cosmic expansion acceleration. This
acceleration was confirmed by the combination of cosmic microwave background
radiation, clusters and baryon acoustic oscillation observations [4, 5, 6, 7].
Email addresses: delliou@lzu.edu.cn,Morgan.LeDelliou.IFT@gmail.com (M. Le
Delliou), javier.lorca@ufrontera.cl (J. Lorca Espiro)
Preprint submitted to Elsevier June 16, 2020
Its simple interpretation as quantum vacuum energy clashes with one of
the largest discrepancy of physics: its observed value from the previous cosmic
geometry tools yields a value for Λ that contradicts the simple evaluation that it
should reach order of the Planck scale [8]. This has been coined the fine tuning
problem [9, 10]. Quantum vacuum is ruled by the Planck scale at early time
which then should set its initial value, but since Λ is a constant, this is the value
expected nowadays, far from the hundred order of magnitude lower observed.
In addition, this non-varying value gives rise to the coincidence problem
[11, 12, 13, 14] as it also yields a very recent epoch for its emergence as cosmic
dominant component: its energy density, set at the initial universe conditions, is
unnaturally close to that of present matter and therefore poses some questions
[15, 16]. For a review of the questions posed by the cosmological constant, refer
to [8].
The geometrical approach to gravity through curved spacetime by general
relativity (GR) can be generalised to include the possibility of its torsion in
Einstein-Cartan (EC) theories [17, 18, 19, 20], where GR appears as the torsion-
less limit, while the curvature-less limit yields the Teleparallel Equivalent to
GR case [21, 22, 23]. This work will focus on the GR limit of Einstein-Cartan
theories, further restricted by adding the characteristic classes consistent with
the topology of the space-time manifold M [24, 25, 26], i.e. the Euler class
e(TM) := CE , the Pontryagin class p1(TM) := CP and the Nieh-Yan class
(of the Chern-type) c2(TM) := CN [27, 19, 24]. In order for these topological
terms to be non trivial, we are lead to assume that the space-time manifold has
a boundary ∂M 6= ∅. We found it is composed by the hyper-surfaces that define
the horizons of black holes in the Universe.
The action is then modified so as to include the appropriate boundary
counter terms [28, 29] and such as the field equations are well-posed. The
entire procedure will result in the appearance of a cosmological functional λ˜.
The dynamical restriction of such torsional theory in M to GR conditions, in a
region N ⊂M that contains our observed Universe, is achieved by means of the
Vielbein-Einstein-Palatini (VEP) formalism and by dynamical systems stability
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considerations. This allows for the collateral topological effective cosmological
constant Λ which is then identified with the observed value. Given that our
result is mostly of topological origin, it should not be affected by quantum cor-
rections, and specifically by quantum fluctuations in the vacuum. However, we
will not address this issue in the present paper since, as in other dark energy
studies, we start from the expectation that quantum vacuum energy corrections
should be explained away by quantum gravity considerations in cosmological
settings.
In Sec. 2, we present the inclusion of topological invariants in the Vielbein-
Einstein-Palatini action and how their dynamics can recover a GR behaviour.
The emergence of an effective topological cosmological constant is presented in
Sec. 3, while its evaluation using black holes occupy Sec. 4, before discussing
our conclusions in Sec. 5.
2. Modified VEP restricted to GR regions
We focus on the family of actions defined over the manifoldM with boundary
∂M 6= ∅, having the following terms:
S := SG
[
ec, ωab, λ˜
]
+ ST [e
c, ωab, ϕj ] + SM , (1)
where ωab is the total connection [see 27, Ch 7.10 - 7.15], e
c the vierbein frame
[see 19, Sec. 7.8] and λ˜ is the, thus far unrestricted, cosmological functional,
with:
SG
[
ec, ωab, λ˜
]
=
∫
M
1
κ
(
R
(∗)
ab ∧ Σˆab − λ˜ dµ
)
+
∫
∂M
in
(
λ˜ dµ
κ
)
, (2)
is the pure gravitational VEP action [30] plus a boundary term à la York-
Gibbons-Hawkins induced by the inclusion in the boundary operator in(·), be-
ing κ the scaled gravitational constant, Rab is the curvature 2-form [see 19,
Sec. 10.3], Σˆab := 12e
a∧eb is the Palatini 2-form1 and dµ := 14!ǫabcdea∧eb∧ec∧ed
1We are using the notation A
(∗)
ab
:= 1
2
ǫabcdA
cd for the Lie dual acting over any Acd ∈ Ω (M)
with two spin indices c, d.
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is the canonical volume measure. The second term in Eq. (1) is
ST [e
c, ωab, ϕj ] := −
∫
M
i
κ
(ϕjCj) +
∫
∂M
i
κ
in (ϕjCj) (3)
which we have called the topological action. The coupling zero forms ϕj (j =
E,P,N explained below) can be interpreted as Lagrange’s multipliers for the
characteristic classes Cj [see 19, Ch. 11] [and 27, Secs. 7.22 - 7.26]:
CP =
1
8π2
Rab ∧Rba , (Pontryagin) (4)
CE =
1
8π2
Rab ∧R(∗)ba , (Euler) (5)
CN = T
a ∧ Ta −Rab ∧Σab , (Nieh-Yan) (6)
again with the appropriate boundary counter terms to render the total action
well posed. Another way of motivating ST is to interpret these terms from the
Schwinger’s perspective as current-like terms with topological sources for the
total action. Finally, we take:
SM := SM [Ψ] = −
∫
M
2
κ
LM [Ψ] +
∫
∂M
2
κ
in (LM [Ψ]) (7)
with LM [Ψ] := Re
{
ψ¯γaDωψ
} ∧ ⋆e♭a − V (Ψ) dµ ,
as a Dirac action with appropriate boundary counter terms, where Ψ :=
{
ψ, ψ¯
}
stands for mass-less spinor fields, where ⋆ stands for the Hodge Dual operation
[see 19, Sec. 7.9]2.
2The hodge dual operator is defined over the vierbein basis as ⋆ (ea1 ∧ · · · ∧ ean) :=
1
(4−n)!
ǫ
a1···an
an+1···a4
ean+1 ∧ · · · e4 and it extends to the entire space Ω(M) by linearity.
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2.1. Field equations
The variation of (1) gives the following field equations (for δea, δωab, δϕj ,
δψ¯ and δψ , respectively)3:
0 =
[
R
(∗)
ab −
2λ
3
|ψ|2ψ Σˆ(∗)ab
]
∧ eb + idϕN ∧ Ta − δSM
δea
, (8)
0 = dωΣˆ
(∗)
ab + i2dϕˆP ∧Rab − i2dϕˆE ∧R(∗)ab − idϕN ∧ Σˆ♭ab +
δSM
δωab
, (9)
0 = −i δϕjλ |ψ|2ψ dµ− Cj , j = {E,P,N} , (10)
0 = γaDωψ − λ
4
ψ ea , 0 = Dωψ¯γ
a +
λ
4
ψ¯ ea , (11)
where Ta is the torsion 2-form, dω stands for the exterior covariant derivative δϕj
is the Euler-Lagrange derivative and ♭ is the musical isomorphism [see 31, Ch. 3]
between vectors and 1-forms4. In order to obtain the pair of equations (11) we
have explicitly considered the cosmological functional λ˜ to be the Yukawa-type
interaction:
λ˜ = λ˜ [ϕ,Ψ] := ψ¯λ [ϕj ]ψ (12)
and we call λ the reduced cosmological functional, Dω stands for the gauge
covariant derivative and we have defined the normalized couplings ϕˆj :=
ϕj
(4π)2
for convenience.
We recall that the total connection 1-form ωab satisfies the splitting:
ωab = ω¯
a
b +K
a
b ⇒ T a = Kab ∧ eb , (13)
where ω¯ab is the torsion-less Levi-Civita connection, while K
a
b is the contortion
1-form. By means of decomposition (13), the total curvature 2-form can then
be written as:
Rab = dω
a
b + ω
a
c ∧ ωcb = R¯ab +Θab , (14)
3Originally the field equations suppose the presence of a fermion potential V (Ψ). However,
since this potential is not involved in the final calculation, we prefer to omit it out of clarity.
4Explicitly, given a vector field X = Xiei its flat is the 1-form X
♭ := Xje
j .
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where R¯ab is the torsion-less part of the curvature, formally equivalent to that
of a GR curvature 2-form, while the term:
Θab := dωK
a
b −Kac ∧Kcb ; (15)
concentrates all the contributions from the torsion related quantities.
2.2. GR restriction
Focusing on the field equations (8 - 9) and keeping in mind the decomposition
of the curvature (14) and Eqs. (11), it appears that the key to find consistent
solutions lies in finding a proper contortion 1-form Kab. Our approach seeks to
cancel out the torsion dependent term Ta in Eq. (8) in order to obtain a form
that resembles more that of GR. This can be achieved from the torsion part of
the curvature 2-form Rab via choosing an appropriate contortion:
Kab = 4i ⋆
(
dϕN ∧ Σˆ♭ab
)
. (16)
At the same time, we maintain the independence of the GR-like torsion-less part
of the curvature from the torsion part in Eq. (9) by restricting all the couplings
ϕj to be related by a functional behavior of the form:
dϕj := ϕN
∗ dφj = d (φj ◦ ϕN ) =
(
∂φj
∂ϕN
)
dϕN for j = E,P , (17)
where φj proceeds from the field equations. The dynamical system defined by
Eqs. (8) and (9) drives the remaining independent coupling ϕN to be a slowly
varying function in a region N , rendering it torsion-less and thus GR-like.
Following this, the topological characteristic classes can be calculated via
(10) and matched with their canonical definitions (4 - 6) to finally restrict the
remaining parameters. Imposing dynamical stability we obtain an expression
for the reduced cosmological functional λ of the form:
λ =
4Λ
|ψ|2ψ
uϕN where uϕN := exp
(
−
√
3
4
|ϕN |
)
(18)
where Λ is now a constant. On the other hand, when using the set of equations
(10), the reduced cosmological functional λ possesses an equivalent form which
6
allows us to recognize ϕN as a mass-less scalar matter field. When combining
the latter with Eq. (18) we see that the kinetic term associated to the zero-form
ϕN should behave as a Lyapunov function. Leading to the following expression:∣∣∣∣dϕN4
∣∣∣∣
2
= Λ {1− uϕN} ,
which can be used to characterize the GR-like region N of the space-time man-
ifold M.
At this stage, we want to mark the difference of our approach with previous
field theoretic directions:
1. we do not base our model on quantum perturbations. Our cosmological
constant does not play the role, as in the traditional and naive under-
standing, of zeroth term in vacuum energy expansion, and also does not
suffer from the orders of magnitude difference with observed values of this
approach.
2. our space-time manifold M necessarily has a non-trivial boundary ∂M
and is simply connected, in agreement with current observational expecta-
tions on topology and in contrast with the non-trivial topology approaches
[e.g. 32, 33].
3. our cosmological constant is the source of topology, for our space-time
manifold, as well as a way to ensure minimum topological requirements
such as smoothness, simple connected-ness and orientation, while emerg-
ing gravity approaches such as Refs [34, 35, 36, 37] build topology from
iterative processes.
3. Effective topological cosmological constant
We can calculate the topological numbers for the Pontryagin and Nieh-Yan
forms and obtain:
nP := Re
∫
M
CP = 0 ; nN := Re
∫
M
CN = 0 . (19)
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At the same time, the Euler number:
Z ∋ nE := Re
∫
M
CE = − 16Λ
2
3 (4π)
2
∥∥u2ϕˆN∥∥2L2 . (20)
turns out to be finite by the topology of the space-time considered [see 19, Ch.
11] [and 27, Secs. 7.22 - 7.26]. The Euler number nE can also be written using
its representation as an alternate series of the Betti numbers bi (M) (i = 0, ..., 4)
[see 24, Ch. 1]:
nE =
4∑
j=0
(−1)j bj (M) .
Poincaré duality, i.e bi = b4−i [see 24, Ch. 1], can also be used to write:
nE = 2b0 − 2b3 + b2 = −2k2Eb3 . (21)
In Eq. (21), the i-th Betti number can be interpreted physically as measuring the
number of i-th punctures in a manifold. AsM (and consequentlyN ) is assumed
to be simply connected, i.e. the manifold is composed by only one connected
component, therefore b0 = 1. Since from Eq. (19) nP turns out to be null inM,
the Hirzebruch signature theorem implies that b2 = 2b, where b+ = b− = b and
b+, b− are the dimensions of maximal positive H+ and negative H− subspaces
for the form in H2 (M;R) = H+ ⊕H−, respectively.
We note that there seems to be no clear evidence of physical objects that can
be interpreted as strict 2-punctures in our Universe since that would appear,
for instance, as a naked line of singularities. The cosmic censorship conjecture
[38] would prescribe it to be zero. However, we do not discard their presence
but assume their associated number b to be finite.
Finally, we also follow the cosmic censorship conjecture, stating that in
our observable Universe, causality effectively defines horizon 3-hyper-surfaces
around space-time singularities in M. Those hyper-surfaces effectively act as
3-punctures of M, which total number is b3. The clearest example of these sin-
gularities are BHs, which observations indicate there should be a large number
of. Therefore we assume b3 to be very large compared with b. This justifies our
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factoring in the last line of Eq. (21) with kE verifying:
R ∋ k2E := 1−
1 + b
b3
. 1 . (22)
The theoretical result thus follows from Eq. (20) :
Λ2
T
=
3 (4π)
2
k2Eb3
8
∥∥∥u2ϕˆN
∥∥∥2
L2
=⇒ ΛT ≈ 2π kE C〈
2
3Vol (∂N )
〉 1
2
, (23)
where we have here used the estimate:
0 ≤ ∥∥u2ϕˆN∥∥2L2 ≃ Vol (∂N )C2 <∞ , (24)
with C2 is the Cheeger or isoperimetric constant [39, 40] with dimensions of
[length], and we have defined the average boundary volume per 3-puncture, i.e
Vol (∂N )
b3
:= 〈Vol (∂N )〉 ≃ 〈Vol (∂M)〉 , (25)
where the last line comes from assuming that the content of N in 3-punctures
is typical of that of M.
4. ΛT Evaluation from black holes
The topological cosmological constant can be evaluated from interpreting
expression (23). We decompose this evaluation into three main elements that
needs separate estimations: the value of the constants kE , C and of the average
spacetime boundary volume 〈Vol (∂M)〉.
The ratio of the Euler number to the number of three punctures, kE =√
− nE2b3 , seen in E.q (21, is considered as the ratio of the topological Euler
number to the number of black holes (BHs) contained in the manifold. Indeed
as we can carve out the causally disconnected BH event horizons interiors from
the rest of spacetime, we consider its boundary to consist in the sum of those
hypersurfaces, and thus to correspond to the 3-punctures measured by the third
Betti number (b3 = NBH). For any sensible spacetime, b3 should dominate the
other terms in Eq. (21), so we can evaluate kE ≈ 1.
9
M
N
∂Uj
Figure 1: A simplified two-dimensional version of the space-time manifold M. The manifold
N ≃M\
⊔
j Uj defines the GR regions. The boundary of the manifold is internal and defined
by the sum of the boundaries of Uj , i.e ∂M≃
⊔
j ∂Uj .
The latter procedure effectively defines a non-trivial manifold boundary ∂M
even if the volume of the manifold Vol (M) is taken to be infinite. We can
exemplify this picture by thinking of a simplified two-dimensional version shown
in Figure. 1.
The isoperimetric or Cheeger constant, C, gives the ratio of the spacetime
4-volume to its boundary hypersurface 3-volume. Although it is generally un-
known, it was calculated in some specific cases [41, 42], and is thus considered
to be of order ∼ 101.
Once we have identified the boundary of the spacetime to the horizons of its
BHs, the evaluation of the topological cosmological constant relies on the esti-
mation of the average spacetime BH horizon volume 〈Vol (∂M)〉. This requires
to make some assumptions.
4.1. Average BH boundary volume estimation
To compute the volume of the average BH in our Universe, the following
assumptions are made: (a) as the Universe’s total boundary is taken to be the
sum of all BHs horizons, that hypersurface is assumed to be given by BHs equiv-
alent Schwarzschild horizons. This neglects Kerr Horizons deformations and the
different horizons shapes taken at the moment of BH mergers, assuming each
BH can be approximated by an isolated Schwarzschild horizon. (b) the Uni-
verse’s BH distribution is assumed to be represented by our past lightcone BHs
10
average mass/sdt dev. references
(in solar mass units M⊙)
Stellar BH MS = 10
1.02+0.21
−0.41 [46][43, Figs. 2, 6]
Primordial BH MP = 10
1.96+0.14
−0.21 [45, using Fig 7]
Intermediate Mass BH MI = 10
4.19+0.14
−0.21 [45, using Fig 7]
Super Massive BH MSMBH = 1011.69
+0.20
−0.39 [44, Fig. 10]
Table 1: Estimation of the first moments for each range BH mass distributions.
observations and present knowledge of that distribution is sufficient for the cal-
culation, giving the boundary volume as its first moment. (c) the distribution’s
average volume per BH in the Universe is well approximated by the volume of
a BH starting with the average BH mass. (d) the volume of a BH of given
initial mass is approximated to proceed from an almost instant creation with a
mass picked in the observed lightcone distribution followed by a long Hawking
radiation phase evaporation.
The computation of our Universe’s average BH volume requires to evaluate,
from observed BH distribution, the average BH mass of the Universe, to get
the BH horizon volume of a fixed given mass, so as to put them together in an
evaluation of the Universe’s boundary volume
4.1.1. Average BH mass evaluation
We chose to evaluate the BH mass distribution estimated from the observa-
tions and computations of Refs [43, 44, 45, 46].
From them, we have extracted averages and standard deviations from the ex-
pected peaks in the BH distributions around stellar mass BHs, Primordial BHs
(PBHs), Intermediate mass BHs (IMBHs) and Super Massive BHs (SMBHs)
(see table 1 for intermediate evaluations). Given that the data is of logarithmic
nature, we estimated the average mass using a geometrical weighted average5.
5Estimating the weights from Ref. [45, using Fig 7], we used 〈M〉 =(
M1+2kS M
1+5k
P MIM
1+k
SM
) 1
4+8k
, with k given by the estimation of difference between
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We emphasize that this is an estimation based on available knowledge and does
not claim to reflect a rigorous measurement. Incidentally, the use of the geo-
metric mean also minimizes the effects of the uncertainties in the data regarding
black hole mass distribution ranges which still remain somewhat unexplored or
lacking observational data. All of these, combined with a conservative treatment
of errors allows us to obtain:
〈MBH〉 ∼104.04
+0.49
−0.61M⊙ , (26)
which is slightly below our evaluation of the IMBH average and above the dom-
inating PBH peak average estimate. This value is expected to be improved by
new observational data in the future.
4.1.2. BH volume of a given mass
For a given BH mass M , the BH formation phase is neglected since its
dynamical time is expected to be considerably much less than the Hawking
radiation evaporation time. The horizon volume is therefore estimated consid-
ering the BH appears at creation with initial mass M and evaporates through
Hawking radiation, until the complete BH evaporation, evaluated considering
the mass-energy loss [e.g. 47, 48]. As previously mentioned, we consider that
mass to be ascribed to a simple isolated Schwarzschild BH. The calculation of
such volume yields
VolBH (M) =1.96× 1087
(
M
M⊙
)5
m3 . (27)
4.1.3. Universe’s total boundary volume
Following our assumptions above, the resulting boundary volume of the Uni-
verse can be evaluated by the product of the total number of BHs with the
average BH volume, given by introducing the average BH mass estimate (26)
the I and SM peaks and calculated within the range
[
k1 =
3
10
..k2 =
1
3
]
, to yield
〈M〉 =
(
M1.63S M
2.58
P MIM
1.32
SM
) 1
6.53 . This final result is somewhat unaffected by the
choosing of the different ks since their effects are minimized by the geometric mean.
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into the BH boundary volume evaluation (27), so we obtain
Vol (∂M) ∼NBH10107.5
+2.5
−3.1m3 . (28)
4.2. Evaluating the topological cosmological constant
Now that we have the estimate of the BH boundary volume (28), we can
finally input it into the model result (23) to get ΛT as a function of the Cheeger
and kE constants
ΛT ≈ 10−52.9
+1.5
−1.3 kEC ≈ 10−52.9
+1.5
−1.3C , (29)
since we previously argued that kE ≈ 1, only the Cheeger constant remains.
4.2.1. Can ΛT be the observed cosmological constant?
Converting the latest Planck observations [49] in the appropriate units, we
compute ΛO = 10−51.08±0.01m−2. The isoperimetric constant has been evalu-
ated for a 4-manifold with null sectional curvature, Ref. [41, 42] and the value
C = 11.8 was obtained. Approximating the Universe’s value with it,
ΛT ≈ 10−51.8
+1.5
−1.3m−2 , (30)
and thus our ΛT estimate is compatible with the observed ΛO. Given that
C ∼ O(10), we argue that the topology of the Universe is a serious candidate
for the cosmological constant origin, and this giving naturally its low value and
avoiding the cosmological constant fine tuning problem.
4.2.2. The Universe isoperimetric constant can be measured
Although the previous evaluation gives the correct observed cosmological
constant, the actual value of C for our Universe remains undetermined. If we
assume ΛT = ΛO, Eq. (29) can be used to measure, through the average BH
mass and volume estimates of this work and the current cosmological constant
observations [49], the value of the Universe’s isoperimetric constant which con-
tributes to the determination of the topology of the Universe. We obtain
C = 101.82+1.31−1.51 , (31)
which gives a reasonable value compared to expectations.
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5. Conclusions
Introducing the topological invariants [24, 25, 26, 28, 29, 50] in the gravita-
tion theory as Lagrange multipliers induces an effective cosmological constant.
The extra degrees of freedom and restrictions of the topological invariants in an
Einstein-Cartan gravity [17, 18, 19, 20] are handled by a reasonable ansatz. They
allow to obtain a GR-like behaviour dynamically, driven by the invariants cou-
pling zero forms that can be considered as effective dark energy fields. Indeed,
we argue that their dynamics constrain the value of the expansion acceleration to
agree with the BH boundary of the Universe. The induced effective topological
cosmological constant in the GR-like theory is produced by the Euler invariant.
It depends on the Betti numbers of the spacetime [51, 24], the isoperimetric con-
stant [39] and the volume of the manifold boundary. The interpretations of ΛT
in terms of number and surface of BHs in the Universe allows to evaluate it from
current estimates of the BH distribution of the Universe [43, 44, 45, 46]. We
found, with some reasonable assumptions on the isoperimetric constant, that it
is compatible with current cosmological constant observations [4, 5, 6, 7, 49],
escaping the cosmological constant fine tuning problem [9, 10]. Our BH volume
evaluation being based on some BH distribution estimations that rely on grav-
itational waves and BH population knowledge, future improvements in those
domains, both experimental and theoretical, are expected to allow narrowing
on the topological cosmological constant estimation, increasing the testability of
the approach compared with the Universe’s acceleration or geometrical obser-
vations of ΛO. We have here ignored the behaviour of our results in a quantum
setting, and in particular how the cosmological constant (29) remains robustly
unaffected by quantum fluctuations. However these constitute interesting ques-
tions and a thorough study will be tackled in future works. We conjecture that
the remaining unknown isoperimetric constant could be independently obtained
from the development of an emerging geometry approach [34, 35, 36, 37] to the
dynamic theory of the manifold topology, with the potential to perhaps clarify
the cosmological constant coincidence problem [11, 12, 13, 14] from topolog-
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ical considerations as well as current estimates of the BH distribution of the
Universe [43, 44, 45, 46]. We found, with some reasonable assumptions on the
isoperimetric constant, that it is compatible with current cosmological constant
observations [4, 5, 6, 7, 49], escaping the cosmological constant fine tuning prob-
lem [9, 10]. Our BH volume evaluation being based on some BH distribution
estimations that rely on gravitational waves and BH population knowledge, fu-
ture improvements in those domains, both experimental and theoretical, are
expected to allow narrowing on the topological cosmological constant estima-
tion, increasing the testability of the approach compared with the Universe’s
acceleration or geometrical observations of ΛO. We conjecture that the remain-
ing unknown isoperimetric constant could be independently obtained from the
development of an emerging geometry approach [34, 35, 36, 37] to the dynamic
theory of the manifold topology, with the potential to perhaps clarify the cos-
mological constant coincidence problem [11, 12, 13, 14] as well from topological
considerations.
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